Patients with multimodal semantic deficits following stroke ('semantic aphasia') have largely 2 intact knowledge, yet difficulty controlling conceptual retrieval to suit the circumstances. Although 3 conceptual representations are thought to be largely distinct from episodic representations of recent 4 events, controlled retrieval processes may overlap across semantic and episodic memory domains. We 5 investigated this possibility by examining item familiarity and source memory for recent events in 6 semantic aphasia following infarcts affecting left inferior frontal gyrus. We tested the hypothesis that 7 the nature of impairment in episodic judgements reflects the need for control over retrieval: item 8 familiarity might be relatively intact, given it is driven by strong cues (re-presentation of the item), 9 while source recollection might be more impaired since this task involves resolving competition 10 between several potential sources. This pattern was observed most strongly when the degree of 11 competition between sources was higher, i.e. when non-meaningful sources had similar perceptual 12 features, and existing knowledge was incongruent with the source. In contrast, when (i) spatial 13 location acted as a strong cue for retrieval; (ii) existing knowledge was congruent with episodic 14 memory and (iii) distinctiveness of sources was increased by means of self-referential processing, 15 source memory reached normal levels. These findings confirm the association between deregulated 16 control of semantic and episodic memory in patients with semantic aphasia and delineate
Introduction 22
The retrieval of episodic memory is thought to result from an interplay between stored 23 representations and control processes ( In a recent study, we investigated whether stroke aphasia patients with multimodal semantic 41 impairment (i.e., semantic aphasia, SA) exhibited parallel deficits in semantic and episodic memory 42 following infarcts in LIFG (Stampacchia et al., 2018) many of the hallmarks of deregulated retrieval in episodic as well as semantic decisions, using paired-62 associate tasks. Episodic judgements showed a benefit of cues that reduced the need to internally 63 constrain retrieval. SA patients were vulnerable to strong but irrelevant semantic associates and 64 previously-encoded associations-giving rise to false memories and proactive interference errors -and 65 their episodic deficits were multimodal, affecting both word and picture tasks. These findings suggest 66 that shared mechanisms underpin controlled retrieval from both semantic and episodic memory. 67
However, Stampacchia et al. (2018) found some differences between verbal and non-verbal paired-68 associate learning tasks (e.g. reduced vulnerability to semantic and episodic interference for the 69 picture-based episodic memory task) and it is unclear if this reflected modality-differences in memory 70 control or task characteristics (it might be easier to reject picture distractors given the richness and 71 distinctiveness of these stimuli). In the current study, we investigated: a) whether the episodic deficits 72 found in SA would extend to other paradigms tapping episodic memory control; b) the multimodal 73 nature of these deficits, using picture-based tasks; c) circumstances that could ameliorate or aggravate 74 episodic deficits in SA. 75 We assessed whether the degree of episodic impairment in patients with SA varies across 76 different types of memory judgement tapping item and source memory. In item memory, participants 77 decide whether an item was previously encountered by means of an old/new response. In contrast, 78 source memory tasks require participants to retrieve the circumstances in which an item was encoded 79 -for example, the time, spatial context or task in which it was previously encountered. patients were selected to have multimodal semantic deficits. We recruited the sample reported by 146 Stampacchia et al. (2018) although that study included one additional patient (referred to as P8), who 147
was not available for testing in the current study. Sample size was determined by the maximum 148 number of patients available for testing. These criteria for including participants were established 149 prior to data collection. On the basis of their aphasic symptomatology, the patients could be classified 150 as follows: two Global; two Mixed Transcortical; four Transcortical Sensory/Anomic; one Broca. One 151 patient (P4) withdrew from the study part-way through and took part in Experiments 1 and 2 only. 152
Individual data are provided in Supplementary Table 1 . 153
Inclusion criteria 154
In line with the original use of the term "semantic aphasia" by Henry Head (1926) MRI scans were traced onto standardized templates (Damasio & Damasio, 1989 ) and lesion 164 identification was manually performed (see Table 1 and Fig. 1A for lesion overlay). All nine patients 165 had lesions affecting left posterior LIFG; in seven cases this damage extended to mid-to-anterior 166 LIFG. Parietal regions (supramarginal gyrus and/or angular gyrus) were also affected in 7 cases out of 167 9, and pMTG was affected in all but two cases. While there was some damage to ATL in 3 patients 168 (P1, P2, P4), the ventral portion of ATL, which has been implicated in conceptual representation 169 across modalities (Binney, asked to decide whether they had seen each item (familiarity judgement). When they recognised items 275 as 'old', they were asked which box it had been placed in (source judgement). In the recollection 276 phase, items and sources (i.e., photographs of the coloured boxes) were shown on a computer screen. 277
In Experiment 1a, the boxes were presented in different positions on the screen. In Experiment 1b, the 278 boxes were in the same spatial location as at encoding. In Experiment 2, we retained the spatial cues 279 and examined source memory trials that were congruent or incongruent with knowledge. The stimuli 280
were items that would be purchased in specific shops (e.g., fruits and vegetables and bakery products), 281 presented in a semantically-congruent source (a CARROT in a box labelled GREENGROCER) or a 282 semantically-incongruent source (e.g., CARROT in the BAKERY). We next manipulated the 283 meaningfulness/distinctiveness of the sources using self-reference paradigms. In the encoding phase 284 of Experiment 3, the participant and tester each had a basket, and shopping items were 'won' by either 285 person and placed into these baskets. We then assessed item and source memory for self-and other-286 related items (retaining spatial location as a valid cue). Experiment 4 assessed the memory advantage 287 for self-related items using a classic verbal self-reference paradigm. Personality trait-adjectives were 288 either encoded to reference to the self or an acquainted other (i.e. the Queen) or shallow processed 289 (i.e. judgment about font, e.g. "case" condition); source and item memory were then assessed. 290 291
Scoring and analysis 292
Item and source accuracy were scored using a discrimination index Pr (Snodgrass and 293
Corwin, 1988). This index was preferred to standard measures of accuracy (e.g. percentage correct) 294 because it controls for guessing in the item familiarity task; however, unlike other metrics, like d', it 295 allowed a direct comparison between item and source memory in Experiments 1-3. Pr was scored as: 296 a) the difference of hits minus false alarms, for item memory; b) the difference between correct and 297 incorrect responses divided by the number of hits, for source memory. Pr varied between 1 and -1, 298 with chance being 0 for 2AFC tasks (Experiments 1-3) and -0.33 for 3AFC (source memory decisions 299 in Experiment 4). In Experiments 1-3, ANOVAs were used to assess effects of memory type (item vs. Experiments 1a and 1b examined the role of spatial location in episodic recollection. In 307 Experiment 1a, the location of the boxes at encoding was not maintained on the screen during 308 recollection -preventing participants from relying on spatial cues during source recollection -while in 309 Experiment 1b, the boxes were always presented on the left or right-hand side, during both encoding 310 and retrieval. We expected source memory to be more impaired than item familiarity in SA patients, 311
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especially in the absence of spatial cues. shown as coloured photographs on 14.5-by-10cm laminated cards, were each presented for around 3 316 seconds, named by the experimenter and placed in a blue or red box in front of the participant. Items 317 were split 50/50 between boxes and the allocation of items to sources was randomized between 318 participants. During a retrieval phase immediately afterwards, coloured pictures of the 40 targets and 319 20 distractors were presented individually on a laptop screen using E-prime 2.0. Items were randomly 320 assigned to target/distractors between participants. In Experiment 1a (without spatial cues), the 321 position of the boxes on the screen (left vs. right) was alternated on every trial, such that the location 322 of the target was not systematically related to the location of the source at encoding. In Experiment 1b 323 (with spatial cues), the layout of the boxes on the screen preserved the spatial layout at encoding. The 324 two experiments were administered in separate sessions and Experiment 1a always followed 325
Experiment 1b (the labelling of experiments does not reflect the chronological order of administration 326 and instead the absence and presence of cues). In Experiment 1b, during the study phase, participants 327 were simply instructed to try to remember the items and which box each item was put into. In 328 contrast, in Experiment 1a, they were explicitly told not to rely on the position of the boxes, but on 329 their colour given that later, at retrieval, the position of the boxes on the screen would not match that 330 at encoding. When the item was put into the relevant box, the examiner would narrate "the lemon 331 goes into the blue box". During the retrieval phase, participants were instructed to indicate for each 332 item, (i) whether the item had been presented previously (selecting "yes" or "no") and (ii) only for 333 familiar items, which box they had been placed in (selecting the blue or red box). Items remained on 334 screen until the button press, with no time limit for response. This procedure was repeated twice in the 335 no spatial cue condition, and three times in the cue spatial condition, in separate sessions, usingM A N U S C R I P T
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14 this difference is due to participants' reduced availability during testing of Experiment 1a. To ensure 338 that patients comprehended the instructions, Experiment 1b was preceded by practice trials testing 339 item and source memory for 15 items. When the response was wrong, the correct answer was 340 provided along with further explanations until the participant showed evidence of understanding the 341 task requirements. This was not necessary for Experiment 1a given that participants were already 342 familiar with the task. 343
Stimuli 344
In Experiment 1a (without spatial cues), the stimulus set comprised of 120 items commonly 345 found in supermarkets, drawn from the following categories: drinks, tinned and canned products, 346 general household and toiletries. In Experiment 1b (spatial cue condition), we used a set of 180 items, 347 including the above categories, plus fruit and vegetable and bakery products. Below, we present an 348 omnibus analysis across all items and conditions. An analysis of data using only the items presented poorer source memory when the spatial cue was unavailable (Fig. 2C) . We also explored whether the 368 consistency of box location at retrieval, relative to encoding, had an effect of source accuracy in 369 Experiment 1a. If participants relied on colour features only (not location) -as instructed -spatial 370 consistency between study and retrieval phase should have no effect on source accuracy. for source memory in Fig. 3C . All patients but P3 showed poorer source than item memory and higher 436 accuracy during congruent than incongruent source memory trials (Fig. 3C & 3D) . Patients who were 437 semantically more impaired (towards the left-hand side of the graph) systematically chose the wrong 438 source in the incongruent condition (i.e. they assigned items to congruent sources, e.g. CARROT in the 439 GREENGROCER) more often than chance (i.e., accuracy was below 0). 440
Summary of Experiment 2 441
Patients with semantic control deficits and PFC lesions were vulnerable to interference from 442 semantic knowledge that was incongruent with recent experience in judgements of episodic memory. Experiments 3 and 4 examined the effect of self-referential processing in source recollection. 465
Self-referential processing is thought to increase the salience and distinctiveness of memories and 466 might therefore decrease the control demands necessary to distinguish between competing sources. 467 However, the effect of self-referential processing on source memory has not been previously explored 468 in patients with semantic control deficits, who have damage to lateral but not medial prefrontal cortex. 469
We expected the patients to show normal self-reference effects (better memory for self-processed 470 items) and, therefore, a higher performance overall, reducing the difference between item and source 471 memory. 472
In Experiment 3, we instructed participants to remember objects assigned either to themselves 473 or the researcher, using photographs of shopping items as in the experiments above, and tested item 474 familiarity and source memory. This task has been previously shown to promote self-referential 475 processing ( participants were asked to decide whether a personality-trait adjective described themselves or the 479 Queen, or was presented in upper or lower-case letters (focussing attention on surface features of the 480 word). We then performed a surprise memory task including item and source memory decisions. 481
Experiment 3: Method 482
A schematic of the procedure is shown in Fig. 4A . The task was similar to Experiments 1 and 483 2, except that the items were placed in two shopping baskets, given to the participant and the 484 researcher. Participants were asked to imagine that they or the researcher had won these items and to Tables 1a and 1b ). All other details of the procedure are as 487 described above. As in previous experiments, practice trials were administered before testing to 488 ensure that patients understood the instructions. 489
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(list of stimuli is provided in Appendix
Experiment 3: Results 490
We examined the results using a two-way mixed ANOVA looking at memory type ( A schematic of the design procedure is shown in Fig. 5A . During encoding, participants were 511 presented with a list of 60 personality-trait adjectives, read aloud and displayed on the screen, 512 interleaved with 1000 ms periods showing a fixation cross, using E-prime 2.0. Adjectives were 513 allocated to three different encoding conditions, presented in separate blocks of 20 items. During the 514 "SELF" and "OTHER" conditions, participants decided whether the adjectives described themselves or 515 the Queen, providing a "yes" or "no" response; during the "CASE" condition, they indicated whether 516 the word was displayed in lower or uppercase letters. Items remained on screen until a response was 517 provided. To make sure that participants understood the referent, an example was provided at the 518 beginning of each block (e.g. Does this adjective describe you? kind) and further explanations were 519 provided when necessary. Participants were not aware at this stage that memory would be tested later. 520
During retrieval immediately afterwards, 60 targets and 60 distractors were presented individually on 521 the screen. Participants decided (i) whether each adjective had been presented previously, by saying 522 "yes" or "no" and (ii) which condition each familiar item had been presented in (by pointing to labels 523 reading "you", "queen", "case"). Items remained on screen until a button press, with no time limit for 524 responses. Retrieval was preceded by an example trial, using the adjective presented at encoding (e.g. 525 'Was this adjective presented? kind' and 'In which condition did it appear? you, queen, case'). 526
The examiner made sure the participant understood the instructions before starting. 527
The words were selected from a database of 555 personality-trait adjectives rated for 528 likeability and meaningfulness (Anderson, 1968) In Experiment 3, SA patients showed normal self-reference effects. When sources were self-554 relevant, they no longer showed source memory deficits, relative to item memory. In Experiment 4, 555 patients again showed the normal benefits of self-referential processing on memory. Self-referential 556 adjectives were better remembered than adjectives relating to someone else, or more shallowly 557 processed words. We investigated item familiarity and source memory in a sample of semantic aphasia patients 572 who had semantic control deficits and lesions of LIFG, to examine the possibility of parallel 573 impairments of episodic and semantic memory characterised by difficulties overcoming competition 574 from strong but irrelevant representations and a failure to control retrieval in line with the 575 requirements of the task. In particular, we considered whether these individuals would show poor 576 source memory in the context of relatively normal judgements of item familiarity, given that source 577 memory is thought to draw on control processes that resolve competition between similar sources. We 578 also examined whether the source memory impairment reflected the availability of spatial cues at 579 retrieval (Experiment 1), consistency with pre-existing conceptual representations (Experiment 2) and 580 the degree to which the sources were differentiated by means of self-referential processing 581 (Experiments 3 and 4). In this way, the study delineates the circumstances in which retrieval from 582 episodic memory requires control and provides support for a theoretical account in which shared 583 memory control processes shape retrieval from both episodic and semantic memory. 584
We found that the magnitude of the source memory impairment was related to factors 585 influencing the degree of competition between similar sources. Patients were more impaired at source 586 memory judgements when sources were retrieved in the absence of spatial cues (Experiment 1). 587
Spatial representations may provide a means of differentiating highly similar sources in episodic 588 memory. The patients also showed greater source memory impairment when shopping items were 589 paired with semantically incongruent sources (i.e., CARROTS in the BAKERY as opposed to 590 GREENGROCER; Experiment 2). During congruent trials, source memory reached normal levels in the 591 patients, but in incongruent trials, patients had difficulty disregarding task-irrelevant semantic 592 associations, suggesting a lack of flexibility in the application of existing knowledge to episodic 593 memory. Finally, the memory impairment for photographs of objects was eliminated when the 594 M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT 26 demands of this task. Nevertheless, the patients showed a normal difference between shallow 598 encoding (decisions about upper/lowercase letters) and deep encoding (decisions about SELF or THE 599 QUEEN), suggesting that both meaning-based and self-referential processes were used by patients to 600 separate sources. In patients with SA, representations of space, meaning and self are all thought to be 601 largely intact, while control over retrieval is impaired (see Fig. 1 ). Consequently, all three of these 602 representational frameworks can differentiate potentially-confusable sources, reducing competition 603 between memories. In addition, this study provides evidence that patients with SA and lesions to 604 LIFG have source memory difficulties, beyond those normally associated with aging (Chalfonte & 605 Johnson, 1996; Naveh-Benjamin, 2000). Patients had reduced performance compared to age-matched 606 controls and the youngest participant (P10 aged 40) showed one of the biggest differences in 607 performance between item and source memory, especially in the absence of cues that improved 608 performance (see Fig. 2) . 609
This study supports the hypothesis that shared neurocognitive mechanisms support the 610 controlled retrieval of semantic and episodic memories, extending the findings of a previous study, 611 which employed paired-associate tasks in SA patients with LIFG lesions (Stampacchia et al., 2018) . 612
The current work shows that similar deficits of episodic memory are observed in aphasia patients with 613 deregulated semantic cognition, even in highly non-verbal tasks. We found several important parallels 614 between the source memory deficits documented here and the semantic impairment previously 615 described for these patients. These are discussed in turn below: 616
Multimodal impairment: Although patients with SA have aphasia consequent on left-617 hemisphere stroke, they have controlled retrieval deficits that affect both verbal and 618 non-verbal tasks. In the semantic domain, patients with SA show equivalent deficits 619 in accessing associations presented using words and pictures (CCT, Jefferies & 620 Lambon Ralph, 2006) and they have difficulty retrieving non-canonical uses of 621 objects presented as pictures (Corbett et al., 2011) , showing that their semantic 622 control deficits are multimodal. Whilst our previous study (Stampacchia et al., 2018 ) 623 provided evidence of episodic memory deficits on largely verbal paired associate 624 tasks in SA, the current study showed that these deficits extended to inherently non-625 verbal source memory tasks, which involved the formation and retrieval of 626 associations between pictures of objects and coloured boxes, shops or people. The 627 multimodal nature of the controlled retrieval deficit in SA, across both semantic and 628 (ii)
Sensitivity to cues that constrain retrieval: In semantic memory, patients with SA are 636 highly sensitive to cues that direct retrieval towards relevant features and 637 associations; for example, relevant sentences enable them to access the non-dominant 638 meanings of ambiguous words (Noonan et al., 2010) , and pictures of the common 639 recipients of tools (e.g., PAPER for SCISSORS, or a NAIL for HAMMER) facilitate the 640 production of appropriate actions (Corbett et al., 2011) . In a similar way, we found 641 that non-verbal contextual cues (i.e. spatial location, Experiment 1b) acted as potent 642 cues in source memory judgements. It appears that in both episodic and semantic 643 memory judgements, SA patients have greater difficulties than healthy controls when 644 the pattern of retrieval required by the task is relatively unconstrained by the 645 information provided, and therefore the need for internally-generated constraint is 646 higher. 647 showed that paired-associate learning was vulnerable to semantic distractors that 655 elicited false memories in SA patients. The patients were also more vulnerable than 656 control participants to proactive interference (e.g. competition within episodic 657 memory). Our observation that self-reference could alleviate the patients' episodic 658 control deficits (Experiments 3 and 4) might be explained in a similar way -self-659 related representations are highly distinctive and potentially more resistant to 660 competition from non-self-related representations. The neuropsychological evidence provided in the current study complements this 677 neuroimaging research, since it suggests that LIFG is likely to play a necessary role in the control of 678 both semantic and episodic retrieval. In contrast, the activation of LIFG in episodic memory is 679 considered by some researchers to reflect the importance of semantic or linguistic processing in 680 episodic tasks (e.g., Han et al., 2012) ; as such, LIFG might not make a necessary or critical 681 contribution to controlled episodic retrieval. In contrast with this view, our results showed that a non-682 verbal source memory task was impaired in patients with LIFG lesions, not only when there was 683 competition between episodic memory and existing knowledge (Experiment 2), but also when non-684 Future TMS research could test the clear prediction emerging from the current work that inhibitory 691 stimulation to LIFG should disrupt controlled retrieval from episodic as well as semantic memory. 692
Our findings also reveal circumstances in which there is a reduced need for control processes 693 to resolve competition in memory. These effects can be related to the pattern of brain injury in the SA 694 group. The patients' lesions encompass areas involved in semantic control (Fig. 1A and 1B) . In 695 contrast, ventrolateral ATL implicated in heteromodal semantic representation (Fig. 1C) and regions 696 thought to support spatial and self-referential processing (Fig. 1D and 1E ) are preserved. In line with 697 this, the patients showed intact source memory when episodic memory was congruent with existing 698 knowledge, and when spatial and self-related cues were available. The hippocampus and surrounding 699 cortex are thought to support the integration of spatio-temporal features to form unique event 700
memories (see Eichenbaum, 2017 for a recent review). Since these medial-temporal structures are 701 intact in SA patients, the features of events are likely to be bound together relatively normally by 702 hippocampal networks at encoding. At retrieval, distinguishing between similar sources (i.e. the 703 process of pattern separation) may require additional control when events share spatial-temporal 704 features, i.e. they occur within a narrow time window and in similar locations (as in our experiments). 
